Tarim Basin is the largest petroleum potential in the west of China. As a coprospecting project, some wells of the Devonian Kizirtage formation in Bashituo area have gained encouraging industrial oil flow. The basic characteristics of the reservoir beds are described in detail in this paper by collecting and processing plenty of existing data. The results of petrologic analysis show that the pore types of the Kizirtag formation are mainly residual primary intergranular pores and intergranular dissolution pores, and the lithology is mainly fine grain quartz sandstone. Based on the analyses of reservoir physical properties, the reservoir porosities of Kizirtag formation in study area mainly range from 2% to 8% with an average of 6.14%, and the reservoir has a lower permeability with a range less than 1ϫ10 -3 µm 2 with average of 1.86ϫ10 -3 µm 2 . The core analyses indicate there is a distinct positive correlation between porosity and permeability, and members 4 to 6 are the main reservoir section. The inversion prediction of reservoir physical properties shows that the distributions of favorable zones are similar to the distribution of sand body and sedimentary facies. The favorable zones of reservoir physical property of member 6 in Kizirtag formation range from well BK8 to well BK2 and the northern area. Well Q003 and the south eastern area have the poorest physical properties. The favorable zones of reservoir physical property of member 5 distribute in the northwestern and south central area of the study area. The favorable zones of reservoir physical property of member 4 distribute in well BK8 area. Through the statistics analysis, it was found that the reservoir physical properties in study area were controlled by primary sedimentary environment and diagenetic transformation and was especially influenced by the carbonate cementation. There is an obvious negative correlation between the carbonate content and porosity and permeability. Based on the tectonic characteristics, reservoir distributions and hydrocarbon test results of the study area, the favorable areas of main productive layers in the Kizirtag formation were divided to I type, II type and III type. The I type area with the optimum forming conditions is the most favorable part for oil and gas accumulation. So it is suitable to immediately implement drilling, which poses a low drilling risk. The I type areas of the sixth member in the Kizirtag formation is mainly distributed in the intensive areas of exploration wells. The I type areas of the fifth member are mainly concentrated in east in the study area, and the distribution of I type areas in the fourth member of Kizirtag formation is similar to that of the sixth member, but the range is reduced. The distribution of the fourth member is concentrated in the Q002 well to BK9 well range. The II type area has better reservoir forming conditions, and belongs to a more favorable area for hydrocarbon accumulation. However, there are also some exploration risks . In II type areas it is appropriate to carry out drilling to explore objects combined with other hydrocarbon bearing series. The II type areas of the sixth member in Kizirtag formation is concentrated in the east of the study area,; that of the fifth member basically covers the scope of the two traps that are interpreted in this study. In addition, there are larger distribution areas in the east of the study area, and a small distribution area in the south western part of the study area. The II type area distribution of the fourth member in the Kizirtag formation is diminshed, and is mainly distributed in the north of the study area. The reservoir formation conditions of III type zone are poor, so there is no drilling under its current condition. It was considered that this research can provide a new method for future exploration of this area.
INTRODUCTION
Bashituo oil and gas field are located on the Bashituo tectonic plate of the BashituoXianbazha structure on the Maigaiti slope in the Xinan depression, Tarim basin (Zheng, 1995; Jia, 1997) . The Devonian Kizirtag formation of the Bashituo area formed in the clastical coastal deposit that was controlled by multi-cycle barrier-free waves in the context of transgression (Xie et al., 1997; Liu et al., 2004) , so the reservoir sand body is mainly fine grain quartz sandstone (Table 1) . These reservoirs have the following characteristics: higher compositional and texture maturity, stronger diagenesis and wider distribution.
SAMPLES AND RESEARCH METHODS
In the study area, only well Q002, well BK8, well BK7, well BK2, well BK9, well Q001 and well Q003 were drilled at present (from west to east). Among these wells, the petrologic analyses (thin section analysis of clastic rocks) were carried out on well BK8 (43 samples), well BK7 (33 samples) and well BK2 (36 samples). The analyses 576 
Reservoir characteristics and favorable area prediction of Devonian Kizirtag formation in Bashituo area, Tarim Basin
of basic characteristics of reservoir properties were carried on well BK8 (250 samples), well BK7 (33 samples), well BK2 (93 samples), well Q002 (1sample) and well Q003 (1sample). Based on the observation and analysis on the core slice, detailed studies were carried out on the components and structural characteristics of rock debris, components and characteristics of interstitial material and the reservoir space types. Through the statistics and analyses on the physical properties of target intervals, the basic characteristics of reservoir physical properties and the distribution on vertical were discussed, and the major factors that influence the reservoir physical properties were analyzed. As the reservoir distribution cannot be predicted by well data and sedimentary background for the lack of drilling data, the inversion method was adopted to research the plan distribution of reservoir physical properties in major target intervals (member 4 to member 6 of the Kezirtag formation). At last, the favorable areas were predicted on the basis of fully considering the tectonic characteristics, reservoir distribution and result of hydrocarbon detection in the study area.
RESULTS AND DISCUSSION

Petrologic characretistics of reservoirs
Components and structural characteristics of rock debris
The Devonian Kizirtag formation of Bashituo area formed in the clastical coastal deposit that was controlled by multi-cycle barrier-free waves, so the reservoir is mainly composed of beach and sand bar sands. The lithology of the sandstone is mainly greybrown grey and brown fine grain quartz sandstone and lithic quartz sandstone, and there is also some lithic sandstone. The quartz content of most samples account for more than 80% of the total debris, and in some samples is up to 95%. Among the unstable components, the debris content is greater than that of feldspar (Fig. 2) . The debris is mainly from the acid effusive rocks, argillaceous rocks and phyllite. 
Components and characteristics of interstitial material
The texture maturity of the Kizirtag formation sandstone is also higher. Based on the statistics and analysis on the thin sections of BK8 well (43 samples), BK7 well (33 samples) and BK2 well (36 samples), it was found that the detrital grain size of the Kizirtag formation sandstone ranges from 0.06 mm to 0.25mm. The very fine grain sandstone is most dominant, and is followed by fine grain sandstones, finevery fine grain sandstones and middle-fine grain sandstones. The grain sorting of the sandstone is medium to good. The psephicity of sandstone is mainly round to second round, and there are subangular and angular sandstones in the local area. The study area develops grain-supported sandstone, and the cementation type is mainly porous cement. In addition, there are also secondary enlarged cement, crystal stock cement and nasal cement.
Reservoir space types
Based on the examination and statistics on the ordinary thin sections and casting thin sections, it is thought that both the primary intergranular pore and secondary dissolution pore of the Kizirtag formation reservoir comparatively developed. The reservoir space types were divided into the following types in the light of the fabric characteristics and pore formation.
(1) Original intergranular pore Original granular pores are unfilled or semi-filled pores that are located between the granules (Wu and Xiong, 1998) . They are mostly shrunk into residual intergranular pores by compaction and cementation and are one of major pore space types in this area. The beach environment is especially favorable for their development and is a reservoir area with the best physical property in the study area.
(2) Dissolved pores between grains Dissolved pores between grains are formed by the dissolution of interstitialmaterials between particles or the edge of detrital grain (Wu and Xiong, 1998; Gao et al., 2009) . In the study area, the dissolved intergranular pores and grain boundary dissolved pores, usually coexisting, are the major pore types in the Kizirtag formation reservoirs. These two pore types have irregular shapes, harbor-like edges and bigger pore diameters. In addition, a small number of large intergranular dissolved pores, with the pore diameters generally larger than that of the surrounding particles, mainly developed in lithic quartz sandstones. The paragenesis of intergranular dissolution pores and original intergranular pores became the reservoirs with the best reservoir property in study area. These reservoirs are mainly deposited on the beach sand environment.
(3) Dissolved pores in grains Dissolved pores in grains are the intraconstituent pores formed by the internal dissolution of the rock particles (Fig. 3) and mainly develop within the detrital grain like feldspar and unstable lithic. They are mostly isolated and associated with other types of dissolved pores (Wu and Xiong, 1998) . Though this kind of pore is commonly distributed, it needs to combine with other kinds of pores to possess better reservoir property because of its poor connectivity.
(4) Mould pores The mould pores are the pores that the original particle shapes can be indistinctly seen in their exterior after feldspar or lithic grain is totally dissolved (Wu and Xiong, 1998) . This kind of pore can be seen in local part of the study area.
(5) Micro-fracture The micro-fractures, with a straight interface, are mainly generated by tectonic stress action (Wu and Xiong, 1998) . It is the bridge to connect pores and the distributions are limited.
Generally speaking, the Kizirtag formation reservoirs in the research area mainly consist of fine grain quartz sandstone. The pore types are mainly residual original intergranular pores and dissolved pores between grains. In addition, there also exist a small amount of mould pores, dissolved pores in grains and large intergranular dissolved pores.
The physical properties of reservoirs
The Kizirtag formation reservoirs in the Bashituo area mainly consist of fine grain quartz sandstone, muddy fine sandstone and middle grain quartz sandstone, and there are marl and dolomitic limestone in local areas. Among these, mid-fine sandstones are the major reservoir sand body in this area. The quantitative statistics on porosity and permeability of reservoirs show that the samples with porosity less than 10% account for 85.7% of the total samples, and most range from 2% to 8% with an average of 6.14%. The reservoir has a lower permeability which is generally less than 1ϫ10 -3 µm 2 with an average of 1.86ϫ10 -3 µm 2 (Fig. 4) . According to the evaluation criteria of reservoirs, target reservoirs mostly belong to super-low porosity and permeability. There is a distinct positive correlation between porosity and permeability from the core analysis, which indicates that the permeability of this reservoir group is limited by the development of porosity (Fig. 5 ). 
The distribution of reservoir physical properties
Vertical distribution
The relationship between porosity with depth in the Kizirtag formation shows that the burial depth has little effect on reservoir porosity as burial depth ranges from 4940m to 5000m. On the contrary, reservoir porosity has a large fluctuation range when the burial depth corresponds to it. This reflects that the reservoir physical property of this formation is largely affected by the primary sedimentary environment of reservoir rocks (Fig. 6) . Vertically, the sixth member, the fourth member and the second member of the Kizirtag formation reservoir have relatively good porosity and most are between 5% and 10% ( Table 2 ). The porosity averages of the above 3 members respectively are 6.96%, 7.32% and 5.58%; the porosity medians respectively are 6.9%, 7.71% and 5.63%. The samples with a porosity not less than 5% among 3 members respectively reach 80.47%, 71.43% and 66.67% (Table 2) . They belong to a super-low porosity reservoir. The porosities of members 5, 3 and 1 are poor and are less than 5%, belonging to an ultra-low porosity reservoir. Among target intervals, member 4 has the highest permeability, with quite a large part of it ranging from 1ϫ10 -3 µm 2 to 10ϫ10 -3 µm 2 and a small part of it ranging from 10ϫ10 -3 µm 2 to 100 ϫ10 -3 µm 2 . The average and median of member 4 samples respectively is 5.79ϫ10 -3 µm 2 and 0.65ϫ10 -3 µm 2 . Among the member 4 samples, the samples not less than 1ϫ10 -3 µm 2 account for 45.54% and belongs to a super-low permeability reservoir. The permeability of other intervals is very low and the median is only 0.1ϫ10 -3 µm 2 . The samples with the permeability not less than 1ϫ10 -3 µm 2 in members 6 and 5 respectively are 9.18% and 6.14% (Table 2) . On the whole, member 2 has high porosity but its permeability is less than 1ϫ10 -3 µm 2 , while its average and median are only about 0.1 ϫ10 -3 µm 2 ( Table 2) . As a result, the hydrocarbon productivity of reservoir has been largely affected.
Therefore, the physical property of member 4 in the Kizirtag formation is the best, 
Plan distribution
Based on the above basic properties of reservoir, it is considered that the major target intervals in the research area are members 4-6 of the Kizirtag formation. However, as there are fewer wells drilled in the research area (7 wells in total), among which wells BK2, BK7 and BK8 have complete logging data, the distribution conditions of reservoir physical properties can't be predicted based on well point data and sedimentary background. This research applies the inversion method to predict reservoir physical properties of major target intervals (member 4-6 of Kizirtag formation) in the study area.
From the inversion results of reservoir physical properties (Fig.7-Fig.9 ), the favorable zones of reservoir physical property of member 6 in the Kizirtag formation distribute range from well BK8 to well BK2 and the northern area. Well Q003 and the south eastern area have the poorest physical properties. The favorable zones of reservoir physical property of member 5 distribute in the north western and south central area of the study area. The favorable zones of reservoir physical property of member 4 distribute in the well BK8 area.
The inversion forecasting results of porosity show that the distribution of favorable physical property zones has a similar distribution law when compared with sand body and forecasting results by sedimentary facies. High porosity sandstones, present in stripes, mainly spread from east of well Q002 to well BK9 and near well Q001. The sandstone porosity in the north of the study area increases compared to the well BK8 area. The porosity of well Q003 area shows an abnormally low value and has the poorest physical property.
Influencing factors on the reservoir physical property
The statistial analysis shows that reservoir physical properties of the research area are controlled by primary sedimentary environment and diagenesis. The original diagenesis not only controls original physical properties of reservoir, but also indirectly affects reservoir physical properties through influencing diagenesis.
The impact of primary deposition on reservoir physical property
(1) The impact of sedimentary facies belt on reservoir physical property Sedimentary environment is the principle element that controls the macroscopic distribution and change of reservoir physical property (Zhang, 1999) . The comparison of distribution of the different facies samples in the graph of reservoir porositypermeability relationships shows that the reservoir physical properties in the study area tend to gradually get worse from foreshore to shoreface. It follows a sequence of foreshore beach sand,inside sandbank, outside sandbank and below shoreface. The reservoir physical property of below shoreface sand body is the poorest. Because of the extremely low porosity-permeability as a result of high shale content, the below shoreface sand body doesn't belong to the reservoir range.
The average porosity of beach sand body reaches 13.2% and the average permeability is 35.2ϫ10 -3 µm 2 . According to the evaluation criteria of the industry, it belongs to the reservoir of low and middle porosity-permeability. The average porosity of inside sandbank sand body is approximately 8.8% and most of the permeability is less than 10ϫ10 -3 µm 2 ; it belongs to a reservoir of extraordinarily low porosity and low permeability. The average porosity of the outside sandbank sand body is 6.2% and the permeability is less than 1ϫ10 -3 µm 2 ; it also belongs to the reservoir of extraordinarily low porosity-permeability.
(2) The impact of grain size and separation of sediments on reservoir physical properties The quantitative statistics on the reservoir porosity and permeability show that reservoir physical property is closely associated with sandstone size fraction. The porosity and permeability tend to decrease as the size fraction diminishes overall (Fig.  11) . The gravelly sandstone has the highest porosity and permeability, so the reservoir physical property is relatively good. This type of reservoir belongs to a low porositypermeability. The medium-fine grain sandstone, with the porosity ranging from 8% to 12% and the permeability with an average value of about 1ϫ10 -3 µm 2 , is the main reservoir sand body of the reservoir in the study area. It belongs to a reservoir of low Figure 11 . Relationship between reservoir properties and maximum grain size of detrital grain. 588
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porosity and exraordinarily low permeability. The argillaceous siltstone, with the worst porosity and permeability, usually forms the reservoir of extraordinarily low porosity and permeability (Fig. 12) . (3) The impact of shale content of sediments on reservoir physical properties The shale content is usually closely linked with the primary sedimentary environment (Zhan, 1989) . In the study area, there is a certain negative correlation between porosity-permeability of the Kizirtag formation with shale content. That is, porosity and permeability of a reservoir tend to deteriorate noticeably as the shale content increases. Figure 13 also illustrates that reservoir physical properties of this area are strongly controlled by primary deposition.
Figure12. Distribution of reservoir porosity and permeability in Kizirtag formation of well BK8 under lithlogy-relatied conditions.
The influence of diagenesis on the reservoir physical properties.
In the study area, extrordinarily low porosity-permeability and low porositypermeability reservoirs wholly developed in the Kizirtag formation. The controlling factors of reservoirs are mainly compaction and cementation (Zeng and Liu, 2009; Shu et al., 2010) . However, because of the existence of clay film in local wells, the reservoir physical properties have been largely improved so as to form relatively highquality reservoirs with middle porosity and permeability.
(1) Compaction In the study area, compaction is one of the main factors that induce the decrease of original pore space of the reservoir in the Kizirtag formation. The sandstone reservoirs of the Kizirtag formation mostly distribute within the depth range of 4800m to 5000m, but the grains are mainly point contact and line contact. The above result reflects the weaker compaction and relatively slow transformation of compaction on the reservoir in the study area.
(2) Cementation Based on the statistics of discovery wells in the study area, it was found that reservoir cements are mainly dolomite (48%), calcite (36%), secondary enlargement quartz, iron oxide, authigenic clay minerals, and so on. Through the comparison of the reservoir interstitial content and physical property of Well BK8 in the Kizirtag formation, a stronger correlation has been discovered between them. The lower the interstitial matter content,especially cement content of the segment, the higher the porosity and permeability (Fig.14) . There is a clear negative correlation between reservoir interstitial matter (especially the carbonate content) with porosity and permeability (Zhao and Zhu, 2001; Pittman, 1979; Smosna , 1989; Zheng and Cheng, 2006; Zheng and Pang, 1989) (Fig. 15) . In addition, the statistics result of cement and matrix from each segment indicates that the matrix content is not high and doesn't have much difference in each formation. On the contrary, the cement content is relatively higher and has certain difference in each segment (Fig. 16) . So the cement is the main factor that influences the reservoir physical properties of these segments. Through the comparison of each segment, it is apparent that members 6 and 4 have the lowest cement content, which is one of the main reasons for the good physical properties of the above two members. In summary, carbonate, especially dolomite cementation is one of the significant influences on the reservoir physical property of this area.
(3) Dissolution Dissolution improves reservoir physical properties to some extent. Many components of reservoir in study area are subjected to dissolution, including authigenic minerals, such as carbonate, rock debris, feldspar, kaolinite, quartz and some diffluent clastic particles. The minerals' dissolution has a direct relationship with the temperature and properties of pore fluid. Due to the low paleogeothermal gradient of the study area, the burial depth should comparatively increased in order to reach the temperature of organic matter maturity expulsion. Therefore, the depth of secondary porosity generated form dissolution is deeper, which is also one of the reasons that there are still reservoirs with middle porosity and permeability in deep stratum of this area.
Favorable areas prediction
There are different levels of oil and gas shown in Devonian drilling wells in the study area. The strong reservoir heterogeneity, determined by laboratory analysis and other information available, results in the differences in hydrocarbon of reservoirs. Based on the tectonic characteristics, reservoir distributions and hydrocarbon test results of the study area, the favorable areas of main productive layers in the Kizirtag formation were divided into three types I type, II type and III type. The I type area with the optimal forming conditions is the most favorable part for oil and gas accumulation. So it is suitable to immediately implement drilling owing to the low drilling risk. The II type area has better reservoir forming conditions, and belongs to a more favorable area for hydrocarbon accumulation. But there are also some exploration risks. So the II type area is appropriate for drilling as exploration object combined with other hydrocarbon bearing series. The reservoir formation conditions of III type zone are poor, so there is no drilling under current conditions.
Regarding the exploration value, the I and II type areas are the main target intervals (The fourth to the sixth members of the Kizirtag formation) were locked.
(1) The I type areas of the sixth member of the Kizirtag formation mainly distribute in the intensive areas of exploration wells (Fig. 17) . The sedimentary background of the fifth member is similar to that of the sixth member. Perhaps affected by the later tectonic movement, the relatively strong compaction and cementation occurred in the east of the study area. As a result, the more developed areas of high porosity in the fifth member have different changes compared to that of the sixth member. It is mainly distributed in the east part of the study area (Fig. 18) . The distribution of I type areas in the fourth member of the Kizirtag formation is similar to that of the sixth member, but the range is reduced. The distribution of the fourth member concentrates on the Q002 well to BK9 well range (Fig. 19) .
(2) The II type areas of the sixth member of the Kizirtag formation are concentrated in the east part of the study area (Fig. 17) . The II type areas of the fifth member basically cover the scope of the two traps that are interpreted in this study. In addition, there are larger distribution areas in the east of the study area, and a small distribution area in the southwestern part of the study area (Fig. 18) . The II type areas distribution of the fourth member in the Kizirtag formation is greatly decreased, which is mainly distributed in the north of the study area (Fig. 19 ). But the above results do not completely account for the poor quality of seismic data in the study area.
CONCLUSIONS
(1) The analysis results of core data show that the reservoirs of the Kizirtag formation, in the Bashituo area of the Tarim basin, are mainly sand beach sand and sand bank. Both the compositional maturity and texture maturity of sandstone are very high. Based on the observations and statistics on conventional rock section and casting thin sections, the fine-grain quartz sandstone is thought to be the main composition of the Kizirtag formation reservoirs in the research area. The pore types are mainly primary intergranular pores and dissolved pores between grains. There are also small amounts of mould pores, dissolved pores in grains and super-dissolved pores between grains.
(2) In the study area, the reservoir physical property is controlled by original sedimentary environment and diagenetic transformation. The influence of original sedimentary environment on reservoir physical properties include the influence of sediment grain size and sorting features, shale content and sedimentary facies zones. The influences of diagenesis on reservoir physical properties are evident in the dissolution and transformation on pore space controlled by the compaction and cementation damage and dissolution on the pore space.
(3) There is a strong positive correlation between the porosity and permeability of the Kizirtag formation reservoirs, but the reservoirs belong to the super low porosity and permeability type for the lower porosity and permeability. The reservoir physical property was controlled by carbonate cement. There is a negative correlation between carbonate content and porosity and permeability. The porosity and permeability are significantly decreased with the increase of carbonate content.
(4) Based on the tectonic characteristics, reservoir distribution and the result from detecting hydrocarbon, the favorable areas of the Kizirtag formation reservoir in the study area were divided into I type, II type and III type. The I type area with the optimal forming conditions is the most favorable part for oil and gas accumulation. So it is suitable to immediately begin drilling, which will be low-risk. The II type area has better reservoir forming conditions, and belongs to a more favorable area for hydrocarbon accumulation. However, there are exploration risks. Therefore, II type area is appropriate for drilling to explore objects combined with other hydrocarbon bearing series. The reservoir formation conditions of III type zone are poor, so drilling is not valuable in its current condition.
